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DESCRIPTION 



Speaker ^ 



TECHNICAL FIELD 
The present invention relates to a speaker used for various audio 
apparatuses. 



BACKGROUND ART 
10 Fig. 24 shows a conventional speaker. The conventional speaker has the 

following elements: 

magnetic circuit i; 

voice coil body 4 having coil section 3 movable in magnetic gap 21 
diaphragm 5 of which inner periphery is coupled to voice coil body 
15 4 and outer periphery is coupled to &ame 7 via edge 6; and 

damper 8 of which inner periphery is* coupled to voice coil body 4 
and outer periphery is coupled to frame 7. 

In the conventional speaker, when an electric signal output from an 
audio amplifier or the like is fed into coil section 3, voice coil body 4 vibrates, 
20 the vibromotive force is transmitted to diaphragm 5, and diaphragm 5 vibrates 
air to convert the electric signal to voice. Damper 8 is combined with edge 6 to 
form a suspension to prevent voice coil body 4 from roUing. Damper 8 has a 
combined shape of a plurality of corrugations and is hence prevented from 
working as a movable load on voice coil body 4. Diaphragm 5 is made conical 
25 to secure rigidity thereof. 

Since damper 8 has the combined shape of the plurahty of corrugations 
in the speaker having this configuration, the movable load of damper 8 has high 
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nonlinearity and high asymmetry between the behavior where diaphragm 5 
moves toward magnetic circuit 1 and the behavior where diaphragm 5 moves in 
the direction opposite to magnetic circuit 1. This speaker therefore has 
problems related to the following items- 
5 hnearity of relation between an input signal of the speaker and 

displacement of ampUtude of diaphragm 5; 

symmetry in the vertical direction; and 
distortion and quaUty of sdimd. 
Since diaphragm 5 is made conical to secure rigidity thereof, it is difl&cult 
10 to thin the speaker itself. 

A speaker as one of measures for addressing the problems is disposed in 
Japanese Patent Unexamined Publication No. 2000-69588. In this speaker, as 
shown in Fig. 25, two curved dampers 8 are mounted mutually oppositely 
between voice coil body 4 and frame 7. It is described that using two dampers 
15 8 cancels the nonlinearity of the relation between the input signal level and 
amplitude of diaphragm 5 and improves the distortion and quality of soimd. 

In the speaker having the conventional configuration, however, the 
improvement of the distortion and quality of the sound is not sufficiently 
effective and thinning of the speaker is difficvdt. 
20 Using damper 8 causes the problems. The movable load of damper 8 

has high nonUnearity and high asymmetry between the behavior where voice 
coil body 4 moves toward magnetic circuit 1 and the behavior where voice coil 
body 4 moves in the direction opposite to magnetic circxiit 1, so that large 
harmonic distortion occurs and power hnearity degrades. Diaphragm 5 is 
25 required to be thick for securing rigidity thereof, so that there is a limit to thin 
the speaker. 

Fig. 26 shows power linearity of the conventional speaker of Fig. 24, 
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namely relation between input power of the speaker and displacement of 
diaphragm 5. Cxxrve AO shows an amplitude characteristic of diaphragm 5 
directed toward magnetic circuit 1, and curve BO shows an ampUtude 
characteristic of diaphragm 5 in the direction opposite to magnetic circuit 1. 
5 Fig. 27 shows a harmonic distortion characteristic of the conventional speaker, 
and shows that the larger the dynamic range of the output sound pressxxre and 
the harmonic distortion is, the lower the harmonic distortion is. Curve CO 
shows an output sound pressure characteristic, curve DO shows a second 
harmonic distortion characteristic, and ciuve EO shows a third harmonic 

10 distortion characteristic. 

For addressing the degradation of power linearity and the problem of the 
harmonic distortion characteristic caused by the nonlinearity and asymmetry, 
various proposals for addressing the nonUnearity and asymmetry of damper 8 
are provided. However, damper 8 has the combined shape of the pluraHty of 

15 corrugations to reduce the movable load, as discussed above. As long as 
damper 8 is combined with edge 6 to form the suspension, it is difficult to 
improve performance of the speaker by solving the asymmetry and especially 
the nonlinearity and reducing the harmonic distortion. 

Diaphragm 5 is required to be thick for securing rigidity thereof, the 

20 conventional speaker is essentially difficult to be thinned. 

DISCLOSURE OF THE INVENTION 
The present invention, for addressing the problems discussed above, 
provides a speaker having the following elements' 
25 a magnetic circuit having a magnetic gap; 

a voice coil body having a coil section movable in the magnetic gap; 
a diaphragm of which inner periphery is coupled to the outside of 
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the voice coil body and outer periphery is coupled to a frame via a first edge; 
and 

a suspension holder of which inner periphery is coupled to the 
voice coil body and outer periphery is coupled to the frame via a second edge. 
5 This suspension holder is disposed between the diaphragm and magnetic circuit. 
The diaphragm has a bent section between its outer periphery and inner 
periphery. The diaphragm and the suspension holder are coupled to each 
other in the bent section of the diaphragm. 

The suspension is formed using the first edge and second edge as 

10 discussed above, a damper causing the nonlinearity and as5nnmetry can be 
omitted. Additionally, the second edge is configured to cancel the asymmetry 
of the first edge, and hence the nonhnearity and asymmetry of the suspension 
can be essentially solved. Thus, the harmonic distortion of the speaker can be 
reduced, the power linearity can be improved, and the performance of the 

15 speaker can be improved. A part from the bent section to the iimer periphery 
of the diaphragm is supported by the suspension holder, so that the diaphragm 
is not required to be conical for securing rigidity thereof but even a flat 
diaphragm can be sufficiently rigid. Securing rigidity of diaphragm does not 
require large thickness thereof, so that the speaker of the present invention can 

20 be thinned. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view of a speaker in accordance with exemplary 
embodiment 1 of the present invention. 
25 Fig. 2 is an enlarged view of a proximity of a coupUng section of a 

diaphragm of the speaker to a suspension holder in accordance with exemplary 
embodiment 1. 



Fig. 3 is a characteristic diagram showing power linearity of the speaker 
in accordance with exemplary embodiment 1. 

Fig. 4 is a characteristic diagram showing harmonic distortion 
characteristics of the speaker in accordance with exemplary embodiment 1. 
5 Fig. 5 is a sectional view of a speaker where a part from the inner 

periphery to the bent section of the diaphragm has a conical shape in 
accordance with exemplary embodiment 1. 

Fig. 6 is a sectional view of a speaker where a part from the inner 
periphery to the bent section of the diaphragm has an inverted conical shape in 
10 accordance with exemplary embodiment 1. 

Fig. 7 is a sectional view of a speaker where the bent section of the 
diaphragm is disposed on the outer peripheral side of the center of the 
diaphragm in accordance with exemplary embodiment 1. 

Fig. 8 is a sectional view of a speaker in accordance with exemplary 
15 embodiment 2 of the present invention. 

Fig. 9 is a sectional view of a speaker in accordance with exemplary 
embodiment 3 of the present invention. 

Fig. 10 is a sectional view of a speaker in accordance with exemplary 
embodiment 4 of the present invention. 
20 Fig. 11 is a back view of a speaker in accordance with exemplary 

embodiment 5 of the present invention. 

Fig. 12 is a back view of a suspension holder in accordance with 
exemplary embodiment 6 of the present invention. 

Fig. 13 is a side view of the suspension holder in accordance with 
25 exemplary embodiment 6 of the present invention. 

Fig. 14 is a side view of a speaker in accordance with exemplary 
embodiment 7 of the present invention. 
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Fig. 15 is a sectional view of a speaker in accordance with exemplary 
embodiment 8 of the present invention. 

Fig. 16 is a sectional view of a speaker in accordance with exemplary 
embodiment 9 of the present invention. 
5 Fig. 17 is an enlarged view of a suspension holder and a second edge in 

accordance with exemplary embodiment 10 of the present invention. 

Fig. 18 is an enlarged view of a suspension holder and a second edge in 
accordance with exemplary embodiment 11 of the present invention. 

Fig. 19 is an enlarged view of a suspension holder and a second edge in 
10 accordance with exemplary embodiment 12 of the present invention. 

Fig. 20 is an enlarged view of a suspension holder and a second edge in 
accordance with exemplary embodiment 13 of the present invention. 

Fig. 21 is an enlarged view of a diaphragm of a speaker and a first edge 
in accordance with exemplary embodiment 14 of the present invention. 
15 Fig. 22 is a sectional view of an essential part of a speaker in accordance 

with exemplary embodiment 15 of the present invention. 

Fig. 23 is a fi-ont view of a dust cap in accordance with exemplary 
embodiment 16 of the present invention. 

Fig. 24 is a sectional view of a conventional speaker. 
20 Fig. 25 is a sectional view of a conventional speaker. 

Fig. 26 is a characteristic diagram showing power linearity of the 
conventional speaker. 

Fig. 27 is a characteristic diagram showing a harmonic distortion 
characteristic of the conventional speaker. 

25 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
A speaker of the present invention has a diaphragm and a suspension 
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holder disposed on the back surface of the diaphragm. In the diaphragm, a 
bent section is disposed between its inner periphery and outer periphery, the 
part from the bent section to the outer periphery is conical. The diaphragm is 
coupled to the suspension holder at the bent section of the diaphragm. Thanks 
5 to this configuration of the speaker, a damper causing the nonlinearity and 
asymmetry can be omitted, the harmonic distortion of the speaker can be 
reduced, the power linearity can be improved, and the performance of the 
speaker can be improved. The part from the bent section to the inner 
periphery of the diaphragm is supported by the suspension holder, so that 
10 rigidity can be sufficiently secxired even when the diaphragm has a plane shape. 
Therefore, securing the rigidity of the diaphragm does not require large 
thickness of the diaphragm, and downsizing and low profile of the speaker can 
be reaUzed. 

Speakers in accordance of the embodiments of the present will be 
15 described hereinafter with reference to the following drawings. 

(Exemplary embodiment l) Fig. 1 is a sectional view of a speaker in 
accordance with exemplary embodiment 1 of the present invention. Magnetic 
circuit 9 has disk-like magnet 10, disk-hke plate 11, and coliminar yoke 12, and 
magnetic flux of magnet 10 is concentrated to magnetic gap 13 between the 
20 outer periphery of plate 11 and the inner periphery of yoke 12. Magnet 10 is 
mainly made of ferrite material or rare-earth cobalt material, and plate 11 and 
yoke 12 are mainly made of iron. Magnetic circuit 9 has top surface 90 and a 
bottom surface, the top surface corresponds to the upside surface of magnetic 
circuit 9 in Fig. 1, and the bottom surface corresponds to the downside surface 
25 of magnetic circuit 9. In Fig. 1, the bottom surface of magnetic circuit 9 is 
surrounded by frame 18. Cylindrical voice coil body 14 has coil section 15 
movable in magnetic gap 13. Voice coil body 14 is configured so that coil 



section 15 is moved in magnetic gap 13 by a magnetic field of magnetic gap 13 
when current is made to flow through coil section 15. Voice coil body 14 has a 
bobbin made of paper, resin, or metal such as alxmiinum, and coil section 15 
formed by winding a coil such as a copper wire on the bobbin. 
5 In diaphragm 16, the part firom inner periphery 16a of the diaphragm to 

bent section 21 is formed in a plane shape, and the part from bent section 21 to 
outer periphery 16b of the diaphragm is formed in a conical shape. Diaphragm 
16 has a fi'ont surface and a back surface. The firont surface corresponds to the 
upside s\u:face of diaphragm 16 in Fig. 1, and the back surface corresponds to 

10 the downside surface of diaphragm 16 in Fig. 1. Inner periphery 16a is 
coupled to the outside of voice coil body 14, and outer periphery 16b is coupled 
to frame 18 via first edge 17. Diaphragm 16 and suspension holder 19 are 
coupled to bent section 21 using an adhesive or the like. Part of suspension 
holder 19 coupling to diaphragm 16 is defined as coupUng section 22. 

15 Diaphragm 16 actually produces a sound due to vibration generated in 

voice coil body 14, and is mainly made of pulp and resin having both high 
rigidity and internal loss. The density of pulp or the like contained in material 
of the outer periphery of diaphragm 16 is set higher than that of the inner 
periphery with respect to bent section 21 of diaphragm 16. Here, the outer 

20 periphery of diaphragm 16 indicates the part firom bent section 21 to outer 
periphery 16b, and the inner periphery of diaphragm 16 indicates the part firom 
bent section 21 to inner periphery 16a. Diaphragm 16 is not necessarily 
required to be flat, but may have a shape having some unevenness. 

Semicircular first edge 17 coupled to outer periphery 16b is made of 

25 urethane, rubber, or cloth to prevent a movable load from being charged on 
diaphragm 16. BowMike firame 18 coupled to outer periphery 16b via first 
edge 17 is made of a press piece of an iron plate, a resin molded piece, or 
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aluminum die cast. These materials can respond to a complex shape. 

Suspension holder 19 is disposed between diaphragm 16 and magnetic 
circuit 9. Inner periphery (holder inner periphery) 19a of suspension holder 19 
is coupled to voice coil body 14, and outer periphery (holder outer periphery) 
5 19b of suspension holder 19 is coupled to frame 18 via second edge 20. 
Suspension holder 19 is mainly made of pulp and resin having both high 
rigidity and internal loss. The density of pulp or the like contained in material 
of the outer periphery of suspension holder 19 is set higher than that of the 
inner periphery with respect to coupling section 22 of suspension holder 19. 

10 Here, the outer periphery of suspension holder 19 indicates the part from 
couphng section 22 of suspension holder 19 to holder outer periphery 19b, and 
the inner periphery of suspension holder 19 indicates the part from coupling 
section 21 of suspension holder 19 to holder inner periphery 19a, 

Second edge 20 for couphng holder outer periphery 19b to frame 18 is 

15 made of urethane, rubber, or cloth to prevent a movable load from being 
charged on suspension holder 19, similarly to first edge 17. 

First edge 17 is projected in the direction opposite to magnetic circuit 9, 
namely in the front direction of the diaphragm. Second edge 20 is projected in 
the bottom direction of magnetic circuit 9, namely in the back direction of the 

20 diaphragm. 

Suspension holder 19 is coupled to bent section 21 of diaphragm 16 via 
elastic body 27 at couphng section 22 disposed between holder inner periphery 
19a and holder outer periphery 19b. As elastic body 27, a member having 
elasticity after adhesion of a silicon-based adhesive or the like can be used. 
25 Diaphragm 16 and suspension holder 19 may be inter-coupled by disposing 
adhesive layers on both surfaces of the couphng section made of rubber elastic 
body. 
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Fig. 3 shows amplitude of diaphragm 16 with respect to input power, 
namely power linearity, of the speaker of exemplary embodiment 1 of the 
present invention. Curve Al shows a diaphragm amphtude characteristic with 
respect to input power to the magnetic circuit 9 side. Curve Bl shows a 
5 diaphragm amplitude characteristic with respect to input power to the opposite 
side to the magnetic circiiit 9. 

Fig. 4 shows harmonic distortion characteristics of the speaker of 
exemplary embodiment 1, and shows that the larger the dynamic range of the 
output sound pressxire and the harmonic distortion is, the lower the harmonic 
10 distortion is. Curve Cl shows an output sound pressure characteristic, curve 
Dl shows a second harmonic distortion characteristic, and ciirve El shows a 
third harmonic distortion characteristic. 

Operations of the speaker of exemplary embodiment 1 having the 
configuration discussed above are described hereinafter. 
15 When an electric signal output firom an audio amplifier or the like is fed 

into coil section 15 of voice coil body 14, voice coil body 14 starts to vibrate, the 
vibromotive force is transmitted to diaphragm 16, and diaphragm 16 vibrates 
air to convert the electric signal to voice. 

A suspension by suspension holder 19 and second edge 20, instead of a 
20 conventional damper, is disposed between voice coil body 14 and fi*ame 18. 
Suspension holder 19, second edge 20, and first edge 17 constitute the 
suspension to prevent voice coil body 14 fi-om rolling during moving. 

Since the suspension includes first edge 17 and second edge 20, a damper 
causing the nonhnearity and asymmetry can be omitted. Disposing second 
25 edge 20 can cancel the asymmetry of first edge 17. 

First edge 17 is projected in the direction opposite to magnetic circuit 9, 
and second edge 20 is projected toward magnetic circuit 9. Second edge 20 is 
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configured to cancel the asymmetry of first edge 17. 

The nonUnearity and asymmetry can be therefore, fundamentally solved, 
as shown in the input power - diaphragm ampUtude characteristics of power 
linearity shown by curves Al and Bl of Fig. 3. Moving contact between first 
5 edge 17 and second edge 20 can be prevented even when first edge 17 and 
second edge 20 are close to each other, so that increasing amplitude m£urgin of 
the speaker can increase maximum sound pressure. 

Fig. 4 shows harmonic distortion characteristics of the speaker of 
exemplary embodiment 1. As shown in the second harmonic distortion 
10 characteristic of cxirve Dl and the third harmonic distortion characteristic of 
curve El, the harmonic distortion caused by the nonUnearity and the 
asymmetry of the suspension can be reduced, and performance of the speaker is 
increased. 

In the speaker of exemplary embodiment 1, diaphragm 16 is coupled to 
15 suspension holder 19 at bent section 21. Phases of diaphragm 16 and 
suspension holder 19 are thus substantially the same, so that resonance 
distortion of an intermediate and low tone region caused by phase shift between 
diaphragm 16 and suspension holder 19 can be reduced, and the firequency 
characteristic can be flattened. 
20 Since diaphragm 16 has bent section 21, strengths of bent section 21 and 

the inner periphery of the diaphragm become significant when diaphragm 16 
vibrates. However, suspension holder 19 supports bent section 21, so that the 
strength of diaphragm 16 can be kept sufficient even when diaphragm 16 has a 
plane shape. 

25 In the conventional speaker having no couphng structure of diaphragm 

16 to suspension holder 19 differently fi-om the speaker of embodiment 1, for 
keeping the strength of diaphragm 16, the part firom the inner periphery to the 
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outer periphery of diaphragm 16 is required to have a conical shape. While, in 
the speaker of exemplary embodiment 1, diaphragm 16 is coupled to suspension 
holder 19 at bent section 21, and the region from bent section 21 to voice coil 
body 14 has a double structure of diaphragm 16 and suspension holder 19, so 
5 that the strength in the part from the bent section to the inner periphery of 
diaphragm 16 can be kept. As shown in sectional views of Fig. 1 and Fig. 2, 
the following three points form a triangle, so that the strengths of the inner 
periphery of diaphragm 16 and the inner periphery of suspension holder 19 can 
be kept s\i£&cient. The part from bent section 21 to the inner periphery may be 

10 therefore made flat. Here, three points indicate a bonded portion between 
diaphragm 16 and suspension holder 19, a bonded portion between diaphragm 
inner periphery 16a and voice coil body 14, and a bonded portion between 
holder inner periphery 19a and voice coil body 14. 

Comparing the speaker of exemplary embodiment 1 with the 

15 conventional speaker, a difference between the height position of diaphragm 
inner periphery 16a and height position of bent section 21 can be set the same 
or at least lower than that of the conventional speaker, so that downsizing and 
low profile of the speaker can be realized. The part from the inner periphery of 
diaphragm 16 to bent section 21 is made flat in the speaker of exemplary 

20 embodiment 1; however, the part from the inner periphery to bent section 21 
may be made to have a conical shape as shown in Fig. 5. The part from the 
inner periphery to bent section 21 may be made to have an inverted conical 
shape as shown in Fig. 6. This conical shape means a conical shape projecting 
on the back side in the range from the inner periphery to the outer periphery of 

25 diaphragm 16. This inverted conical shape means a conical shape recessed in 
the back side in the range from the inner periphery to the outer periphery of 
diaphragm 16. 
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Bent section 21 does not necessarily need to be disposed in the center of 
diaphragm 16, but may be disposed on the outer periphery side of the center of 
diaphragm 16 as shown in Fig. 7. When bent section 21 is disposed on the 
further outer periphery side of diaphragm 16, couphng section 22 to suspension 
5 holder 19 can be disposed at a node where rigidity of diaphragm 16 decreases. 
Therefore, rigidity of diaphragm 16 can be improved. The part from the inner 
periphery of diaphragm 16 to bent section 21 is made to have a larger plane 
shape, so that downsizing and low profile of the speaker can be reahzed. 

Additionally, the shape from the inner periphery of diaphragm 16 to bent 

10 section 21 is not Umited to the shape discussed above in the speaker of 
exemplary embodiment 1, but may be any shape if the speaker has bent section 
21 for coupling suspension holder 19 to diaphragm 16. 

Pulp and resin can be used for suspension holder 19. Suspension holder 
19 in the speaker of exemplary embodiment 1 is made of pulp. In this case, 

15 weight increase can be suppressed while the elastic modulus and the internal 
loss of suspension holder 19 are secured, and efficiency reduction of the speaker 
due to weight increase of the vibration system can be suppressed. 

Paper, resin, and metal such as aluminum can be used for the bobbin of 
voice coil body 14, but suspension holder 19 and the bobbin of voice coil body 14 

20 may be made of metal material having high thermal conductivity. In this case, 
heat generated in coil section 15 can be efficiently radiated to a space through 
the bobbin of voice coil body 14 and suspension holder 19, and hence 
temperature increase of coil section 15 can be suppressed. Diaphragm 16, 
suspension holder 19, and voice coil body 14 can be therefore prevented from 

25 falling off even when an adhesive of which adhesive strength decreases at high 
temperature is employed. As a result, the adhesive strength of voice coil body 
14 to diaphragm 16 and suspension holder 19 can be kept sufficient, and input 
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resistance of the speaker can be improved 

The elastic modulus of first edge 17 and that of second edge 20 are 
preferably set to be substantially equal. Thus, second edge 20 can more 
accurately cancel the nonlinearity and asymmetry of first edge 17, the 
5 nonhnearity and asymmetry of the suspension can be largely solved, and the 
harmonic distortion or power hnearity of the speaker can be remarkably 
improved. 

First edge 17 and second edge 20 can be made of urethane, rubber, or 
cloth, but are preferably made of urethane. In the speaker of exemplary 

10 embodiment 1 having first edge 17 and second edge 20, thus, weight increase of 
the vibration system can be suppressed, and efficiency reduction of the speaker 
due to the weight increase of the vibration system can be suppressed. 

The inner periphery of diaphragm 16 and the inner periphery of 
suspension holder 19 form a double support structure, so that they have a 

15 sufficient rigidity as a whole. When the density of the outer periphery of 
diaphragm 16 is set higher than that of the inner periphery of diaphragm 16 
with respect to bent section 21 of diaphragm 16, rigidity of the entire 
diaphragm can be improved. In this case, the weight of the diaphragm can be 
reduced comparing with a case where the density of the entire diaphragm is 

20 increased to improve rigidity, so that the efficiency reduction of the speaker can 
be significantly suppressed. 

When the density of the outer periphery of suspension holder 19 is set 
higher than that of the inner periphery with respect to couphng section 22 of 
suspension holder 19, rigidity of the entire suspension holder 19 can be 

25 improved. In this case, the weight of the diaphragm can be reduced comparing 
with a case where the density of the entire suspension holder 19 is increased to 
improve rigidity, so that the efficiency reduction of the speaker can be 
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significantly suppressed. 

As shown in Fig. 2, coupling section 22 between the inner periphery and 
the outer periphery of suspension holder 19 is coupled to bent section 21 of 
diaphragm 16 through elastic body 27. Phase of diaphragm 16 and phase of 
5 suspension holder 19 are thus substantially the same, so that resonance 
distortion of an intermediate and low tone region caused by phase shift between 
diaphragm 16 and suspension holder 19 can be reduced, and the firequency 
characteristic can be flattened. 

Diaphragm 16 and suspension holder 19 have a dimension error 
10 occurring during manufacturing, so that a clearance can occur in the bent 
section of diaphragm 16 and suspension holder 19. This clearance can be filled 
by elastic body 27, and the elasticity of elastic body 27 can prevent deformation 
of the structure of diaphragm 16 and suspension holder 19. The distortion as 
the speaker can be therefore reduced. 
15 An inner magnetism type speaker is described in exemplary embodiment 

1 of the present invention; however, the present invention can be also appUed to 
an outer magnetism type speaker. 

(Exemplary embodiment 2) A speaker in accordance with exemplary 
embodiment 2 of the present invention is described with reference to Fig. 8. 
20 The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention, but projecting directions of first edge 17 
and second edge 20 are different fi:om those of the speaker of embodiment 1. 

As shown in Fig, 8, first edge 17 is projected toward magnetic circuit 9, 
namely in the back direction of the diaphragm, and second edge 20 is projected 
25 in the front direction of the diaphragm. 

Thus, even when an acoustic opening such as a net is close to the front 
side of first edge 17, contact of first edge 17 with the protective net can be 
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prevented. Increasing amplitude margin of the speaker can therefore increase 
maximtim sound pressure. 

(Exemplary embodiment 3) A speaker in accordance with exemplary 
embodiment 3 of the present invention is described with reference to Fig. 9. 
5 The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention, but the speaker of embodiment 3 differs 
from the speaker of embodiment 1 in that the outer periphery of suspension 
holder 19 is coupled through the second edge 20, on the bottom side of magnetic 
circuit 9, and below top surface 90 of plate 11. 

10 Thanks to the configuration of Fig. 9, the distance between fulcrums of 

first edge 17 and second edge 20 can be made as long as possible, so that rolling 
of voice coil body 14 diiring moving can be minimized. In other words, the 
originnal position of voice coil body 14 during moving hes between the coupling 
point of first edge 17 with frame 18, namely the fulcrum of voice coil body 14, 

15 and the couphng point of second edge 20 with firame 18. The original position 
of voice coil body 14 indicates the coupling point between voice coil body 14 and 
diaphragm 16, and means a driving point where voice coil body 14 starts to 
vibrate and the vibromotive force is transmitted to diaphragm 16 to vibrate it. 
In this configuration, the original position of voice coil body 14 and the fulcrums 

20 of the edges form a triangle, thereby stably supporting voice coil body 14 during 
moving. 

(Exemplary embodiment 4) A speaker in accordance with exemplary 
embodiment 4 of the present invention is described with reference to Fig. 10. 
The basic configuration of the speaker is similar to that of the speaker of 
25 embodiment 1 of the present invention. 

In Fig. 10, the speaker of embodiment 4 has dustproof net 131 mounted 
between suspension holder 19 and magnetic circuit 9, thereby preventing dust 
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or the like from coming into magnetic gap 13 of magnetic circuit 9. 

(Exemplary embodiment 5) A speaker in accordance with exemplary 
embodiment 5 of the present invention is described with reference to Fig. 11. 
The basic configuration of the speaker is similar to that of the speaker of 
5 embodiment 1 of the present invention. 

In the speaker of embodiment 5, as shown in Fig. 11, firame 18 is coupled 
to magnetic circuit 9, ventilation holes 141 are formed in the bottom of firame 18, 
and dustproof nets 142 are disposed in ventilation holes 141. Dust or the like 
can be thus prevented fi:om coming into magnetic gap 13 of magnetic circuit 9. 

10 (Exemplary embodiment 6) A speaker in accordance with exemplary 

embodiment 6 of the present invention is described with reference to Fig. 12 
and Fig. 13. The basic configuration of the speaker is similar to that of the 
speaker of embodiment 1 of the present invention. Fig. 12 is a back view of the 
speaker in a non-existing state of fi-ame 18, and Fig. 13 is a side view of the 

15 speaker in a non-existing state of frame 18. 

As shown in Fig. 12, the speaker of embodiment 6 has openings 151 in 
the top surface of suspension holder 19. Here, the top surface of suspension 
holder 19 corresponds to the part on the inside of coupling section 22 of Fig. 1, 
and the side surface corresponds to the part on the outside of couphng section 

20 22. 

This configuration can suppress acoustic output in an intermediate and 
low tone region firom suspension holder 19, and can hence suppress a trouble 
that the acoustic output of suspension holder 19 interferes with diaphragm 16 
to reduce the acoustic characteristic of the speaker. In Fig. 13, the speaker of 
25 embodiment 6 has openings 151 in a side surface of suspension holder 19. This 
configuration can suppress acoustic output in an intermediate and low tone 
region firom suspension holder 19, and can hence suppress a trouble that the 
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acoustic output of suspension holder 19 interferes with diaphragm 16 to reduce 
the acoustic characteristic of the speaker. 

(Exemplary embodiment 7) A speaker in accordance with exemplary 
embodiment 7 of the present invention is described with reference to Fig. 14. 
5 The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention. 

The speaker of embodiment 7, as shown in Fig. 14, has openings 161 in 
firame 18 between first edge 17 and second edge 20. This configuration can 
prevent an intermediate chamber from being formed of diaphragm 16, first edge 
10 17, fi*ame 18, second edge 20, suspension holder 19, and voice coil body 14. In 
other words, it can be suppressed that forming the intermediate chamber 
makes the acoustic output of suspension holder 19 interfere with diaphragm 16 
to reduce the acoustic characteristic of the speaker. 

(Exemplary embodiment 8) A speaker in accordance with exemplary 
15 embodiment 8 of the present invention is described with reference to Fig. 15. 
The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention. 

In the speaker of embodiment 8, as shown in Fig. 15, the top surface of 
suspension holder 19 is corrugation surface 185. Using the corrugation shape 
20 can absorb resonance distortion at a high acceleration which first and second 
edges 17 and 20 cannot follow and in the intermediate tone region, so that the 
firequency characteristic of the intermediate tone region can be flattened. 

(Exemplary embodiment 9) A speaker in accordance with exemplary 
embodiment 9 of the present invention is described with reference to Fig. 16. 
25 The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention. 

In the speaker of embodiment 9, as shown in Fig. 16, suspension holder 
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19 has a shape where the part between coupUng section 22 and the outer 
periphery of suspension holder 19 is bent in the outer periphery direction^ The 
arrow of Fig. 16 indicates the outer periphery direction. This configuration can 
disperse stress appUed to the part between bent section 21 and the outer 
5 periphery of suspension holder 19, so that rigidity of suspension holder 19 can 
be improved. Here, the part between bent section 21 and the outer periphery 
is apt to suffer the stress in the outer periphery direction. As a result, input 
resistance of the speaker can be further improved and distortion as the speaker 
can be reduced. 

10 (Exemplary embodiment 10) A speaker in accordance with exemplary 

embodiment 10 of the present invention is described with reference to Fig. 17. 
The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention. Fig. 17 is an enlarged view of a 
couphng section between suspension holder 19 and second edge 20. 

15 The outer periphery of suspension holder 19 is formed in an L shape, as 

shown in Fig. 17. Plane section 171 corresponding to the lower part of the L 
shape is coupled to second edge 20. Rigidity of the coupUng section between 
suspension holder 19 and second edge 20 is thus increased, and stress apphed 
to this couphng section can be more effectively dispersed, so that input 

20 resistance of the speaker can be fiulher improved. The outer periphery of 
suspension holder 19 may be coupled to second edge 20 at not the entire surface 
of plane section 171 but part of plane section 171. 

(Exemplary embodiment 11) A speaker in accordance with exemplary 
embodiment 11 of the present invention is described with reference to Fig. 18. 

25 The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention. Fig. 18 is an enlarged view of a 
coupUng section between suspension holder 19 and second edge 20. 



20 

The outer periphery of suspension holder 19 is formed in an L shape, as 
shown in Fig. 18. A part corresponding to the lower part of the L shape is 
called plane section 171, and the substantially vertical part of the L shape is 
called erect section 181. Second edge 20 is coupled to plane section 171 and 
5 erect section 181 of the L shape of the outer periphery of suspension holder 19. 
Rigidity of the couphng section between suspension holder 19 and second edge 
20 is thus increased, and stress appUed to this coupling section can be more 
effectively dispersed, so that input resistance of the speaker can be further 
improved. The outer periphery of suspension holder 19 may be coupled to 

10 second edge 20 at not the entire surface of plane section 171 but part of plane 
section 171. The same concept is appUed to erect section 181. 

(Exemplary embodiment 12) A speaker in accordance with exemplary 
embodiment 12 of the present invention is described with reference to Fig. 19. 
The basic configuration of the speaker is similar to that of the speaker of 

15 embodiment 1 of the present invention. Fig. 19 is an enlarged view of a 
coupling section between suspension holder 19 and second edge 20. 

The speaker of embodiment 12, as shown in Fig. 19, has upper edge 
section 100 and lower edge section 101 at one end of second edge 20, and outer 
periphery 193 of suspension holder 19 is grappled by upper edge section 100 

20 and lower edge section 101 to be coupled to them. In other words, in a coupling 
section of suspension holder 19 to second edge 20, the outer periphery of 
suspension holder 19 is sandwiched between the tip parts of second edge 20. 
Rigidity of the coupUng section between suspension holder 19 and second edge 
20 is thus increased, and stress apphed to this coupling section can be more 

25 effectively dispersed, so that input resistance of the speaker can be further 
improved. 

(Exemplary embodiment 13) A speaker in accordance with exemplary 
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embodiment 13 of the present invention is described with reference to Fig. 20. 
The basic configuration of the speaker is similar to that of the speaker of 
embodiment 1 of the present invention. Fig. 20 is an enlarged view of a 
coupUng section between suspension holder 19 and second edge 20. 
5 In the speaker of embodiment 13, as shown in Fig. 20, the outer 

periphery of suspension holder 19 is formed in an L shape, and the tip of the 
outer periphery has folded section 191 folded upward. Thanks to folded section 
191, stress that is directed in the outer peripheral direction and is apphed to 
the coupling section between suspension holder 19 and second edge 20 can be 

10 more effectively dispersed, rigidity of suspension holder 19 can be increased, 
and input resistance of the speaker can be further improved. 

(Exemplary embodiment 14) A speaker in accordance with exemplary 
embodiment 14 of the present invention is described with reference to Fig. 21. 
The basic configuration of the speaker is similar to that of the speaker of 

15 embodiment 1 of the present invention. Fig. 21 is an enlarged view of a 
coupUng section between diaphragm 16 and first edge 17. 

In the speaker of embodiment 14, as shown in Fig. 21, tip 201 of the 
outer periphery of diaphragm 16 is folded and extended. The coupling section 
between diaphragm 16 and first edge 17 is thus reinforced to increase rigidity of 

20 diaphragm 16, stress applied to the coupHng section can be dispersed, and input 
resistance of the speaker can be further improved. 

(Exemplary embodiment 15) A speaker in accordance with exemplary 
embodiment 15 of the present invention is described with reference to Fig. 22. 
The basic configuration of the speaker is similar to that of the speaker of 

25 embodiment 1 of the present invention. 

In the speaker of embodiment 15, as shown in Fig. 22, dust cap 231 is 
coupled to diaphragm 16 and is disposed for preventing dust or the Kke firom 
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coming into magnetic circuit 9. Dust cap 231 is coupled to diaphragm 16 at 
coupling place 23A using an adhesive so as to cover the coupling section 
between voice coil body 14 and the inner periphery of diaphragm 16. Dust cap 
231 is mainly made of pulp and resin. As the material of the adhesive, a 
5 general adhesive such as an acryUc adhesive, a siHcon adhesive, or a rubber 
adhesive is used. 

Dust cap 231 is coupled to not only diaphragm 16 but also voice coil body 
14 at coupHng place 14A via the adhesive. In other words, diaphragm 16 is 
fixed at two places of dust cap 231 and voice coil body 14. 

10 Fixing strength of diaphragm 16 to voice coil body 14 is increased, 

balance between the behavior where voice coil body 14 comes close to magnetic 
circuit 9 and the behavior where voice coil body 14 gets away from magnetic 
circuit 9 is improved, and a driving force of voice coil body 14 can be precisely 
transmitted to diaphragm 16, so that distortion of the speaker can be reduced. 

15 (Exemplary embodiment 16) A speaker in accordance with exemplary 

embodiment 16 of the present invention is described with reference to Fig: 23. 
The basic configuration of the speaker is similar to that of the speaker of 
embodiment 15 of the present invention. Fig. 23 is a firont view of dust cap 
231. 

20 In the speaker of embodiment 16, as shown in Fig. 23, rib 242 is disposed 

in coupling section 241 between dust cap 231 and diaphragm 16. This 
configuration can increase rigidity of the coupUng section of dust cap 231 to 
diaphragm 16 and voice coil body 14, so that a driving force of voice coil body 14 
can be precisely transmitted to diaphragm 16. As a result, distortion can be 

25 reduced. 



INDUSTRIAL APPLICABIUTY 
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A diaphragm and a suspension holder are coupled to each other at a bent 
section, and a suspension is formed of a first edge and a second edge. A 
damper causing the nonlinearity and asymmetry can be omitted, and the 
second edge can cancel the asymmetry of the first edge, so that the nonhnearity 
and asymmetry as the suspension can be essentially solved, the harmonic 
distortion of the speaker can be reduced, the power linearity can be improved, 
and the performance of the speaker can be improved. A part firom the bent 
section to the inner periphery of the diaphragm is supported by the suspension 
holder. Therefore, securing the rigidity does not require a conical shape of the 
diaphragm, but even a flat diaphragm can be sufficiently rigid. Downsizing 
and low profile of the speaker can be reahzed. 



